A sensor composed of a composite material formed of a polymer and nano-carbon conductive filler is characterized for measurement of pressure through the relationship to contact resistance. The sensor has the physical attributes of polymer, but is electrically conductive and can therefore be used on a conductive substrate to gauge pressure and subsequently load. Benefits over traditional force sensing include reduced cost, full control of geometry, reduced form factor, resistance to impact and to corrosion. A test circuit was developed to study the behavior of the sensor at different loads and surface conditions, and behavior over time. Prospective applications on manufacturing and automotive fields are proposed.
INTRODUCTION
There are a numerous pressure sensors available for use. The problem arises when using the available expensive sensors for small scale sensing or in harsh environments. The sensor under study relates to a contact pressure sensor which is an electrically conductive composite material. Polymers in their pure state are insulators to which electrical conductivity is imparted by the addition of a conductive filler. This sensor type has the physical attributes of a polymer and is also electrically conductive, with the electrical resistance being related to the load on the sensor. By varying the percentage of the conductive filler, the sensor bias can be controlled. New areas of applications for this sensor look promising in manufacturing and automotive industries, as the sensor design is inexpensive, customizable, can be manufactured easily, and is durable.
BACKGROUND Pressure Sensing
Traditional pressure sensors are connected to an electrical source and, when exposed to pressure, give an electrical output signal which is proportional to the magnitude of the pressure. These sensors typically have a force sensing element of a constant cross-sectional area. When force is applied on this sensing element, it deflects the diaphragm or flexible tube. These deflections are converted into electrical outputs. A number of factors are considered before selecting a sensor, particularly: accuracy, repeatability, durability, stability, and power consumption. Additionally, electromagnetic interference and ambient pressure level affect sensor performance.
Bourdon Tube. The Bourdon tube type of pressure sensor is a non-liquid pressure measurement device where pressure readings are obtained due to the change in the curvature of a flexible tube. n of load [7] esistance for 0 his figure, the be clearly seen g that the perc of the measur e vs. Load [7] which was coll ar model.
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Surface Treatment Effect
As the sensor has the potential to be applied in a number of environments, an investigation is made to study the behavior under different surface conditions. The surface of the sensor was coated with oil, water and then it was cleaned thoroughly for each trial. A load of 1kg and a voltage input of 0.6V were used to excite the sensor. Using a digital multimeter, the resistance was measured directly; results are shown in Table 4 . It can be seen that the resistance offered by the sensor decreases slightly when water was on the contact surface, and it decreases a little more when oil was on the contact surface; the overall variance in resistance values is small. The data indicate that the sensor could be used well under different conditions with in situ calibration. Thus, the sensor can nominally be applied in a number of environments.
Temporal Behavior
The resistance offered by the sensor is found to be stable over a time period of 100 seconds. The results show that the sensor can be used effectively under different loading conditions without any significant error in the measured values.
CONCLUSIONS
A new style of nanocomposite force sensor was characterized under varying conditions. The benefits of the nanocomposite force sensor over traditional force sensing methods are that it is
• Quickly machined into any shape, making it customizable and rapidly configurable The sensor has been implemented in an array for biomedical applications. In consideration of the stated benefits, the sensor is also applicable in new areas of manufacturing and automotive fields. Two prospective applications in automobile and manufacturing industry are proposed.
Tire Pressure Monitoring
To ensure safe operation of a vehicle, it is important to maintain proper tire pressure. Failure to do so results in increased wear, poor fuel economy, and safety risks. Under new government regulations, tire pressure sensors are mandatory on cars manufactured from 2008; these indicate a warning signal if the tire pressure falls 25% below the recommended inflation pressure. There are two types of monitoring systems: direct and indirect pressure monitoring. In the direct tire pressure monitoring system, the sensors are mounted on the wheel inside the tire's air chamber. The indirect pressure monitoring system uses the vehicle's antilock braking system. The relative speed of one wheel is compared to the other and an indication is given when the lower pressure tire's rolling radius is decreased. The ABS also needs a sensor to provide information. Using this type of tire pressure systems will be complex and expensive [9] . For pressure monitoring systems, both cost and durability are factors which lend themselves to adoption of the proposed sensing system.
Micro-injection molding
Manufacturing of micro-parts requires high dimensional accuracy; an important factor to consider is monitoring of the injection pressure to avoid premature freezing and the hesitation effect (formation of a thin stagnant layer when the polymer melt is in contact with the mold surface) [10, 11] .
As the parts manufactured in micro-injection molding process are of micro-dimensions, it is difficult to inspect the part quality without using expensive microscopic observation methods [10, 11] .
Kuek and Angstadt conducted an investigation of cavity pressure as a process and quality indicator in the micro-injection molding process. The experimental setup is shown in Figure 13 [10, 11] . In this study, a 1-millimeter diameter Kistler 6183AE piezoelectric pressure transducer was used to monitor the cavity melt pressure. This is the smallest available sensor, but could only provide bulk process information. Additionally, the cost of this transducer is $1270, prohibitively expensive for multi-cavity monitoring. The pressure transducer can be replaced by the nanocomposite sensor and achieve a number of improvements. The new sensor can be manufactured to the required smallest dimension at a very low cost; maintenance of the sensor is very simple, and the sensor would be more reliable in the application.
To conclude, there is a describable relationship between the applied load and resistance of the sensor in study in low (<10N) and high (>10N) ranges. The force-dependent electrical properties of the sensor material are highly repeatable under a number of environmental conditions. The nanocomposite sensor can be manufactured into any desired shape and size with a minimal cost. Additionally, the sensor is resistant to corrosion, which widens the scope of use. A number of potential applications of this sensor type to the manufacturing and automotive fields have been described.
For future work, the focus will be on testing applications in automotive sensing and micro-molding sensing work being carried out in Clemson University.
